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Abstract
Background: To date, 6 tick-borne rickettsiae pathogenic for humans are known to occur in
Africa and 4 of them were first identified in ticks before being recognized as human pathogens.
Results: We examined 33 and 5 Amblyomma tholloni ticks from African elephants in the Central
African Republic and Gabon, respectively, by PCR amplification and sequencing of a part of gltA and
ompA genes of the genus Rickettsia. The partial sequences of gltA and ompA genes detected in tick
in Gabon had 99.1% similarity with those of R. heilongjiangensis and 97.1% with those of Rickettsia
sp. HL-93 strain, respectively. The partial gltA and ompA gene sequences detected in tick in the
Central African Republic were 98.9% and 95.1% similar to those of Rickettsia sp. DnS14 strain and
R. massiliae, respectively. Phylogenetic analysis showed Rickettsia sp. detected in Gabon clusters
with R. japonica and R. heilongjiangensis in a phylogenetic tree based on the partial gltA and ompA
genes. The genotype of the Rickettsia sp. detected in the Central African Republic is close to those
of R. massiliae group in the phylogenetic tree based on partial gltA gene sequences, and distantly
related to other rickettsiae in the tree based on partial ompA gene.
Conclusion: The degrees of similarity of partial gltA and ompA genes with recognized species
indicate the rickettsiae detected in this study may be new species although we could only study the
partial sequences of 2 genes regarding the amount of DNA that was available. We propose the
Rickettsia sp. detected in Gabon be provisionally named "Rickettsia sp. stain Davousti" and Rickettsia
sp. detected in the Central African Republic be named "Rickettsia sp. strain Uilenbergi".
Background
Spotted fever group (SFG) rickettsiae are obligatory intra-
cellular Gram-negative bacteria that belong to the genus
Rickettsia. They are associated with arthropods, mainly
ticks, which act as vectors and/or reservoirs [1]. Between
1984 and 2005, 11 new species or subspecies of rickettsiae
have been identified as emerging agents of human tick-
borne diseases [1]. Additionally, many SFG rickettsiae
have been identified only in ticks and their pathogenicity
for humans is unknown [1].
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To date, 6 tick-borne rickettsiae pathogenic for humans
are known to occur in Africa [1]. Rickettsia conorii conorii,
the agent of Mediterranean spotted fever, transmitted by
Rhipicephalus sanguineus [2] is endemic in North Africa
and has been reported from South Africa, Kenya and Zim-
babwe. R. conorii caspia, the agent of Astrakhan fever, has
recently been detected in Rh. sanguineus in Chad. It is now
almost 15 years since Rickettsia africae, the agent of African
tick-bite fever (ATBF), was discovered in sub-Saharan
Africa. In southern Africa, Amblyomma hebraeum, a tick of
large ruminants and wildlife species, is the recognized vec-
tor (and reservoir) of R. africae, which has also been
detected in A. variegatum throughout west, central, and
eastern sub-Saharan Africa, and in A. lepidum from the
Sudan.  Rickettsia aeschlimannii has been found in
Hyalomma marginatum marginatum and  H. marginatum
rufipes and, while probably following the distribution of
these ticks. This rickettsia has been identified in Morocco,
Niger, Mali, Zimbabwe and South Africa. Rickettsia massil-
iae which was proven to be a human pathogen in 2005
has been detected in several Rhipicephalus ticks parasitiz-
ing cattle in the Central African Republic and Mali [1]. It
should be noted that the four last rickettsiae were first
identified in ticks before being recognized as human path-
ogens [1]. Finally, R. rhipicephali, a rickettsia of unknown
pathogenicity, has been detected in ticks of the Rh. com-
positus group and Rh. lunulatus [3]. Here, we report two
candidate new species in the genus Rickettsia detected in
ticks collected from African elephants.
Results
Ticks
Thirty-eight ticks were collected from African elephants in
the Central African Republic (5; 1 female, 3 males and 1
nymph) and Gabon (15 females and 18 males). They were
all identified as Amblyomma tholloni.
PCR and sequencing of gltA and ompA genes
One female from the Central African Republic and 1 male
from Gabon were PCR positive for the rickettsial gltA and
ompA genes. These amplicons were sequenced and ambig-
uous parts in the end of each sequence were deleted. Con-
sequently, 914 bp of gltA and 590 bp of ompA genes, and
1196 bp of gltA and 544 bp of ompA genes were obtained
from tick samples from Gabon and the Central African
Republic, respectively. The partial sequences of the gltA
and ompA genes of Gabon tick sample were 99.1% identi-
cal to those of R. heilongjiangensis [GenBank accession
number, AY280709] and 97.1% to those of Rickettsia sp.
HL-93 strain [AF179364], respectively. The partial
sequences of the gltA and ompA genes amplified from the
tick from the Central African Republic were 98.9% identi-
cal to those of Rickettsia sp. DnS14 strain [AF120028] and
95.1% identical to those of R. massiliae [U43799], respec-
tively.
Phylogenetic tree
Phylogenetic trees based on the partial sequences of gltA
and ompA genes are shown in Figures 1 and 2, respectively.
Discussion
To the best of our knowledge, this work provides the first
molecular detection of spotted fever group rickettsiae in
A. tholloni. This three-host tick is primarily found on Afri-
can elephants [4,5] but also occurs on other animals
including reptiles (lizards), birds and mammals (horse,
antelope, wild pig, mongoose, buffalo and hippopota-
mus). It has been reported to feed on humans [4,5] and
occurs widely in Africa following the distribution of the
African elephant; from South Africa in the south to the
Sudan in the north, and from Sierra Leone in the west to
Somalia in the east [4,5]. Amblyomma tholloni can transmit
Ehrlichia ruminantium, the agent of heartwater in domestic
ruminants, but the tick has not been implicated in field
outbreaks of the disease [6].
The rickettsiae we detected in A. tholloni in our study are
members of the spotted fever group of rickettsiae. All the
gene sequences that we have identified were unique. The
rickettsia from Gabon clustered with R. japonica and R.
heilongjiangensis  in the phylogenetic trees based on the
partial gltA and ompA genes (Figure 1 and 2). The rickettsia
from the Central African Republic was close to the R. mas-
siliae group in the phylogenetic tree based on the partial
gltA gene sequences (Figure 1) and distinct from other
rickettsiae in the tree based on the partial ompA gene (Fig-
ure 2). Recently, guidelines for the genotypic classification
of rickettsiae at the genus, group, and species levels have
been published [7]. According to these criteria, the
degrees of nucleotide similarity with recognized species
indicate the rickettsiae from the A. tholloni may be new
species. However, we could only study the partial
sequences of 2 genes regarding the amount of DNA that
was available. Until isolates are made and definitively
characterized as new species, we propose the rickettsia in
the A. tholloni from Gabon be provisionally named "Rick-
ettsia sp. strain Davousti" after the French veterinary scien-
tist Bernard Davoust in recognition of his work on
zoonoses. Further, we propose the rickettsia in the A. thol-
loni from the Central African Republic be provisionally
named "Rickettsia sp. strain Uilenbergi" after the Dutch
veterinary scientist Gerrit Uilenberg in recognition of his
research into tick-borne tropical diseases. Both scientists
coordinated field works that help to get the ticks used in
our study.
The ticks harboring "Rickettsia sp. strain Davousti" and
"Rickettsia  sp. strain Uilenbergi" were feeding on ele-
phants when they have been collected. It is not clear if the
ticks were infected with the rickettsiae or if the organisms
were only present in the ingested elephant blood. ItBMC Microbiology 2007, 7:74 http://www.biomedcentral.com/1471-2180/7/74
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Phylogenetic tree based on gltA gene partial sequences Figure 1
Phylogenetic tree based on gltA gene partial sequences. The GenBank accession numbers used to construct the phylogenetic 
tree were as follows: R. parkeri, U59732; R. sibirica, U59734; R. sibirica mongolotimonae, U59731; R. africae, U59733; R. conorii, 
U59730; R. rickettsii, U59729; R. honei, U59726; R. slovaca, U59725; R. japonica, U59724; R. montanensis, U74756; R. massiliae, 
U59719; R. rhipicephali, U59721; R. aeschlimannii, U59722; R. helvetica, U59723; R. australis, U59718; R. akari, U59717; R. typhi, 
U59714; R. canadensis, U59713; R. prowazekii, U59715; R. amblyommii, AY375163; R. heilongjiangensis, AY280709.
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Phylogenetic tree based on ompA gene partial sequences Figure 2
Phylogenetic tree based on ompA gene partial sequences. The GenBank accession numbers used to construct the phylogenetic 
tree were as follows: R. australis, AF149108; R. heilongjiangensis, AF179362; R. honei, U43809; R. slovaca, U43808; R. sibirica, 
U43807; R. rickettsii, U43804; R. rhipicephali, U43803; R. parkeri, U43802; R. montanensis, U43801; R. aeschlimannii, U43800; R. 
massiliae, U43799; R. japonica, U43795; R. conorii, U43806; R. africae, U43790; R. amblyommii, AY062007; R. monacensis, 
AF201329; and R. conorii caspia, AY112668.
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appears unlikely the elephants were rickettsemic, how-
ever, as other ticks feeding on the same animals did not
contain rickettsiae. It seems most probable that the organ-
isms are associated with the ticks as it is commonly the
case with other spotted fever group rickettsiae [8]. The tick
vectors of the spotted fever group rickettsiae transmit the
organisms while feeding and the role that the African ele-
phant, the major host of A. tholloni, plays in the biology of
the new rickettsiae requires further investigation. The
pathogenicity of "Rickettsia sp. strain Davousti" and "Rick-
ettsia sp. strain Uilenbergi" in the other species on which
A. tholloni feeds, should also be investigate. In particular,
A. tholloni is known to feed on people [4,5] and it would
seem prudent to consider "Rickettsia sp. strain Davousti"
and "Rickettsia sp. strain Uilenbergi" as potential human
pathogens until further studies clarify the situation.
Conclusion
The rickettsiae detected in A. tholloni in our study are
members of the SFG rickettsiae, and their gltA and ompA
gene sequences were unique. The degrees of similarity of
partial gltA and ompA genes with recognized species indi-
cate the rickettsiae detected in this study are new species.
Although the pathogenicity of these rickettsiae were not
evaluated in our study, it would seem prudent to consider
these rickettsiae as potential human pathogens until fur-
ther studies clarify the situation because A. tholloni is
known to feed on people.
Methods
Ticks
Ticks were collected from African elephants (Loxodonta
africana) in the Central African Republic in 1970 and in
Gabon in 2004. In Gabon, ticks were collected from an
elephant which had just been killed illegally by hunters.
The ticks were identified on their morphology [4,5] and
kept in 70% ethanol until DNA was extracted in Marseille,
France, in 2005.
DNA extraction and PCR for rickettsiae
The ticks were washed twice in distilled water and dried
on sterile filter paper. Each tick was bisected longitudi-
nally with a sterile scalpel blade and DNA extracted from
one half using the QIAamp DNA Mini Kit (QIAGEN,
Hilden, Germany) according to the manufacturer's
instructions. PCR was performed using primers Rp877p
and Rp1258n that amplify a 380 bp fragment of the gltA
gene of rickettsiae [9]. DNA samples that gave a positive
result with gltA PCR were also tested in a second PCR
using primer pairs 190.70 or 190.180, and 190.701 that
amplify a 632 bp and 552 bp fragment of the ompA gene
of rickettsiae [10-12]. Negative controls consisted of (i)
DNA from uninfected Rh. sanguineus (from our laboratory
colony) which was extracted simultaneously with the test
samples, and (ii) distilled water added to the PCR mix
instead of DNA. One sample of DNA from Rickettsia mon-
tanensis was included in each PCR as a positive control
Sequencing and extension of gltA sequences
Products amplified using PCR for rickettsial gltA and ompA
were sequenced as described previously [9,12], used in a
BLAST search [15]  and aligned with sequences of other
rickettsial species registered in GenBank using Clustal pro-
gram [13]. Sequences of partial gltA gene were extended
using primers CS2d and CS535R, and CS409d and
CS1273r as described previously [9,14]. Phylogenetic
trees were constructed using TreeView [16] based on the
data from ClustalW.
Nucleotide sequence accession numbers
The partial gltA and ompA sequences of rickettsia in tick
from Gabon have been deposited under accession
number DQ402516 and DQ402517, respectively. The
partial gltA and ompA sequences of rickettsia in tick from
Central African Republic have been deposited under
accession number DQ402514 and DQ402515, respec-
tively.
Authors' contributions
KM participated in PCR amplification and sequencing. PP
identified tick species and coordinated the study. JMR par-
ticipated in the analysis of sequences. KJ collected ticks in
Gabon and the Central African Republic. DR designed the
study. KM, PP, JMR and DR drafted the manuscript. All
authors read and approved the final manuscript.
Acknowledgements
We are grateful to O. Bourry and J. Wickings from the Centre International 
de Recherches Médicales de Franceville, Franceville, and to F. Maisels from 
the Wildlife Conservation Society, Libreville, Gabon. We thank Prof P. 
Kelly for editing the paper.
References
1. Parola P, Paddock CD, Raoult D: Tick-borne rickettsioses
around the world: emerging diseases challenging old con-
cepts.  Clin Microbiol Rev 2005, 18:719-756.
2. Bitam I, Parola P, Matsumoto K, Rolain JM, Baziz B, Boubidi SC, Harrat
Z, Belkaid M, Raoult D: First molecular detection of R. conorii,
R. aeschlimannii, and R. massiliae in ticks from Algeria.  Ann
N Y Acad Sci 2006, 1078:368-372.
3. Dupont HT, Cornet JP, Raoult D: Identification of rickettsiae
from ticks collected in the Central African Republic using
the polymerase chain reaction.  Am J Trop Med Hyg 1994,
50:373-380.
4. Elbl A, Anastos G: Ixodid ticks (Acarina, Ixodidae) of Central Africa Musee
Royal de L'Afrique Central; 1966. 
5. Matthysse JG, Colbo MH: The Ixodid ticks of Uganda College Park, Mar-
yland, Entomological Society of America; 1987. 
6. Walker JB, Olwage A: The tick vectors of Cowdria ruminan-
tium (Ixodoidea, Ixodidae, genus Amblyomma) and their
distribution.  The Onderstepoort journal of veterinary research 1987,
54:353-379.
7. Fournier PE, Dumler JS, Greub G, Zhang J, Wu Y, Raoult D: Gene
sequence-based criteria for identification of new Rickettsia
isolates and description of Rickettsia heilongjiangensis sp.
nov.  J Clin Microbiol 2003, 41:5456-5465 [http://PM:14662925].Publish with BioMed Central    and   every 
scientist can read your work free of charge
"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."
Sir Paul Nurse, Cancer Research UK
Your research papers will be:
available free of charge to the entire biomedical community
peer reviewed and published  immediately upon acceptance
cited in PubMed and archived on PubMed Central 
yours — you keep the copyright
Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp
BioMedcentral
BMC Microbiology 2007, 7:74 http://www.biomedcentral.com/1471-2180/7/74
Page 6 of 6
(page number not for citation purposes)
8. Matsumoto K, Ogawa M, Brouqui P, Raoult D, Parola P: Transmis-
sion of Rickettsia massiliae in the tick, Rhipicephalus turani-
cus.  Med Vet Entomol 2005, 19:263-270.
9. Roux V, Rydkina E, Eremeeva M, Raoult D: Citrate synthase gene
comparison, a new tool for phylogenetic analysis, and its
application for the rickettsiae.  Int J Syst Bacteriol 1997,
47:252-261.
10. Parola P, Inokuma H, Camicas JL, Brouqui P, Raoult D: Detection
and identification of spotted fever group Rickettsiae and
Ehrlichiae in African ticks.  Emerg Infect Dis 2001, 7:1014-1017.
11. Sekeyova Z, Fournier PE, Rehacek J, Raoult D: Characterization of
a new spotted fever group rickettsia detected in Ixodes rici-
nus (Acari: Ixodidae) collected in Slovakia.  J Med Entomol 2000,
37:707-713.
12. Shpynov S, Fournier PE, Rudakov N, Raoult D: "Candidatus Rick-
ettsia tarasevichiae" in Ixodes persulcatus ticks collected in
Russia.  Ann N Y Acad Sci 2003, 990:162-172.
13. Thompson JD, Higgins DG, Gibson TJ: CLUSTAL W: improving
the sensitivity of progressive multiple sequence alignment
through sequence weighting, position-specific gap penalties
and weight matrix choice.  Nucleic Acids Res 1994, 22:4673-4680.
14. Mediannikov OY, Sidelnikov Y, Ivanov L, Mokretsova E, Fournier PE,
Tarasevich I, Raoult D: Acute tick-borne rickettsiosis caused by
Rickettsia heilongjiangensis in Russian Far East.  Emerg Infect
Dis 2004, 10:810-817.
15. NCBI   [http://www.ncbi.nlm.nih.gov/]
16. Page RD: TreeView: an application to display phylogenetic
trees on personal computers.  Comput Appl Biosci 1996,
12:357-358.